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A B STR A C T
Planting soybeans between early May and early June provides 
the highest yield. Planting either before or after this 
optimal time can significantly reduce yields. Mast of the 
yield from determinate soybeans comes from the branches. 
Branch development and yield are reduced at nonoptimal 
planting dates» while main axis yield is not. The relative­
ly short photoperiods of nonoptimal planting dates appears 
to cause the reduction of both the vegetative and reproduc­
tive growth periods resulting in reduced development and 
yield. The objectives of this dissertation were to: Charac­
terize the development of branches in relation to that of 
the main axis at different planting dates* determine the 
relative influence of pre-flowering and post-flowering 
photoperiods on branch development and determine methods 
to increase the development of branches at late planting 
dates. Data were collected on the main axis and on each 
individual branch biweekly from prior to Rl through RS for 
two growing seasons. Results indicated that each branch 
develops differentially from the others.
Total branch nodes develop in a linear fashion from approx­
imately 3E days after planting. With a late nonoptimal 
planting date? branches fail to develop at the lowermost 
and uppermost main axis nodes. Those branches provide over
AO*/, of the total branch pods at an optimal planting date
ix
under good growing conditions. Studies conducted in envi­
ronmentally controlled chambers with combinations of 
optimal and nonoptimal photoperiod simulations showed that 
both pre-flowering and post-flowering photoperiods affect 
branch development. The combination of an optimal 
pre—floering and post-flowering photoperiod is necessary 
for maximum branch development. Branch development is 
positively correlated with a long reproductive photoperiod 
(Rl to R5). Nonoptimal photoperiod simulations provided 
tall plants yet branches failed to develop on the lower 
main axis nodes. In a two year field study, flowers were 
removed from two sections of the main axis in an attempt to 
release the control of branch development from the main 
axis. The method either was unable to release control of 
branch development or branch development is not completely 
under the control of the main axis.
x
INTRODUCTION
Numerous studies have shown the effect of various 
planting dates on the yield of soybeans E Gj.yci.ne max <L.) 
Merr. D in the southeastern USA (Board and Hall, 1984; 
Boote, 1977; Boquet, Koonce and Walker, 1982 and 1983; 
Caviness and Smith, 1959; Griffith, Lawrence, Habetz and 
Babcock, 1980; Smith, 19&B). In Louisiana, research has 
indicated that planting between early May and early June 
provides the highest yields, while planting either before 
or after this time can significantly reduce yields (Boquet 
et al, 19B3; Griffith et al, 1980). Maintaining yields at 
these nonoptimal planting dates could provide a number of 
benefits to the farmer: avoid yield reductions when plant­
ing late after a winter cereal crop or to avoid stem 
canker, avoid yield reductions when planting early to take 
advantage of better moisture conditions or to avoid insect 
problems, allow more time in which to plant, and to open 
the opportunity to obtain two soybean crops in one season.
A large proportion of the total plant yield from
determinate soybeans comes from the branches (Board, 1985;
Ramseur, Wallace and Quisenberry, 1984). Board (1985) found
that reductions in soybean yields from nonoptimal planting
dates resulted from reduced branch yields. At early
xi
nonoptimal planting dates* reduced branch node number and 
proportion of fertile branch nodes results in lower pod and 
seed production. At late nonoptimal planting datest reduced 
branch node number is associated with lower pod and seed 
production. Very little research has been directed towards 
understanding the development and distribution of branches 
and the effects of photoperiod and planting date on these 
processes.
Research presented in this dissertation was undertaken 
to explore the effects of photoperiod and planting date on 
the development and yield of soybean branches. Specifical­
ly* the objectives of this study were to <1.) Characterize 
the development of branches in relation to that of the main 
axis at different planting dates. (E.) Determine the rela­
tive influence of pre-flowering and post-flowering 
photoperiods on branch development and (3.) Determine 
methods to increase the development of branches at late 
planting dates.
LITERATURE REVIEW
General Effects of Nonoptimal Planting Dates on Soybeans.
Soybean yield reductions of up to to 5054 have been 
reported for late-planted soybeans (Board, 1905; Soquet et 
al , 1982 and 1903). Major factors contributing to the yield 
losses at these nonoptimal planting dates are short-day 
induced premature flowering of the main axis and reduced 
branch development (Board and Hall, 1984; Hartwig, 1954). 
The number of days to first flowering (vegetative period) 
is dependent upon temperature, photoperiod and cultivar 
(Board, 1985; Board and Hall, 1984; Hartwig, 1954; Leffel, 
1961). Hartwig (1954 and 1970) stated that under the warm 
growing conditions of a mid-spring planting date, many 
soybean cultivars require 45 days between emergence and 
flowering to permit adequate vegetative growth far optimal 
seed yields. Under cooler temperatures, such as those 
associated with early spring, 60 days may be required.
Other factors known to contribute to reduced yields at 
nonoptimal planting dates include: a reduced grain filling 
period with late planting dates, insect problems and 
reduced light interception resulting from lower leaf area. 
Shibles and Weber (1965) reported that a leaf area index of 
3.2 was required for 9554 light interception. Soybeans 
planted late in the season do not cover the interrow space 
with foliage. Boquet et al (1982) attempted to overcome 
this problem by planting in narrow rows. The yield
increases* however* did not completely ameliorate the yield
reductions at late-June and July planting dates.
Yield is ultimately determined by the number of seeds
and their size (g/100 seed). The number of potential sites
for pod and seed development are determined by the number 
of main axis and axillary branch nodes. The total number of 
nodes produced on the plant is affected by both the temper­
ature and the age of the plant at floral initiation (Thomas 
and Raper, 1977).
Carter (1974) concluded that for determinate soybean 
cultivars, the number of pod-bearing nodes was less impor­
tant than the number of pods borne at the nodes and the 
number of seeds within the pods. Board (1905), however, 
found that for early planting dates, both the number of 
nodes and the percentage of fertile nodes on the branches 
were reduced, resulting in reduced yields. At late planting 
dates, Board (19B5) showed that yield reductions were also 
associated with reduced branch development and yield. 
Branch number,the number of branch nodes and overall branch 
length were all reduced. Branches usually contribute a 
major number of sites for pod development (Thomas and 
Raper, 1977 and 197B). Main axis height and node number are 
reduced by April planting dates (Board, 1985) and late-June 
or July planting dates (Hartwig, 1954).
3Physiological Effects of Photoperiod
The first major work describing the relationship 
between photoperiod and the flowering behavior of soybeans 
was performed by Garner and Allard (1920), Since that time 
an abundance of information has been generated on the 
physiological responses of soybeans to photoperiod. Lang 
(1954) and Livermann (1955) reviewed much of the early work 
and proposed models to explain the initiation of the re­
sponses. Soybeans are short day plants which require a 
critical amount of darkness for floral initiation and also 
require a period of light for energy. Hamner (1940) showed 
that 'Biloxi’ soybeans would not flower unless they re­
ceived dark periods of at least 10 hours of a 24 hour 
cycle. Longer photoperiods cause larger numbers of flowers 
to be produced and a more rapid change to reproductive 
development. Borthwick and Parker (1938a) showed that 
soybeans require at least two short photoperiods to initi­
ate local floral development. In addition) they noted that 
at least six short day /long night cycles were needed to 
induce flowering of the apical meristem. Blaney and Hamner 
(1957) attempted to induce flowering using day /night 
cycles of various lengths. They found that maximum flower 
production occured under a 24 hour cycle of optimal day and 
night periods. Evidently there is an endogenous timing 
mechanism which interacts with the phytochrome system to 
invoke flowering.
The phytochrome pigment involved in the flowering 
process can exist in one of two forms: far-red absorbing 
(Pfr, 7£0nm) and red absorbing (Pr> 6B0nm). In short day 
plants, the flower promoting process usually requires low 
Pfr levels , which are attained in darkness. Light intensi­
ties as low as 10 lux are effective in initiating a re­
sponse, The precise role of phytochrome, however, is not 
well understood since low Pfr levels are achieved after 
just a short dark period, while long dark periods are 
required for flowering (Wareing and Phillips, 1981). Al­
though phytochrome action may involve gene activation and 
repression, most evidence suggests that its mode of action 
is at the membrane level, altering membrane properties such 
as permeability (Cleland, 1984).
Floral initiation is also affected by the age of the 
plant (Borthwick and Parker, 193Qb and 1940; Parker and 
Borthwick, 1939).Borthwick and Parker <193Ba) found that 
less developed leaves, which appeared as buds on the main 
axis, began to flower at the same time as the main axis. 
Only mature, non-induced leaves seem to be capable of 
overcoming the effects of induced leaves (Borthwick and 
Parker, 193Bb; Lang, 1952).
Morphological Effects of Photoperiod
Thomas and Raper (1903a) showed that on soybeans at 
the V6* stage of development placed under highly inductive 
photoperiods* all of the axillary apices and the apex of 
the main axis became reproductive in seven to 10 days after 
induction. Anthesis occurred in less than 21 days. Under 
less inductive photoperiods* however* complete transforma­
tion to reproductive development required an additional two 
to six weeks.
Borthwick and Parker (1930a) described many of the 
changes that occur in determinate soybeans as they switch 
from vegetative to reproductive development. On the main 
axis and on some of the branches* those buds which are at 
an early stage of development begin to form floral bracts 
instead of leaf primordia. Later the apex of the main axis 
differentiates into floral structures* taking on a domed 
appearance. At this time, vegetative growth of the main 
axis essentially ceases. This cessation of vegetative 
activity on the main axis and its differentiation into an 
inflorescence is the distinguishing characteristic between 
determinate and indeterminate cultivars (Carlson, 1973). It 
should not be inferred from this definition* however* that
^Stages of Soybean Development. See Appendix, Table 1.
determinate cultivars cease vegetative activity at the 
onset of flowering (Rl). It has been shown that vegetative 
activity continues on the axillary apices and finally 
ceases at approximately R5 (Board and Settimi* in Press). 
Sinclair (1903) determined that cessation of leaf emergence 
in indeterminate soybeans also occured at approximately R5.
Johnson* Borthwick and Leffel (1960) carried out an 
extensive analysis oh the effect of photoperiod and the 
date of planting on soybean development. They determined 
that at an optimal planting date* most of the nodes on the 
main axis were formed by 35 days after planting, and that 
some branches contained from six to eight nodes. In addi­
tion, they stated that the photoperiod had a strong influ­
ence on the number of nodes produced. Borthwick and Parker 
<193Ba) showed that a non-induced 40-day-old soybean plant 
had extensively developed axillary buds. Some of the 
axillary buds had leaf primordia with buds in their axils. 
Thomas and Raper (1977) found that more main stem nodes 
were produced by exposing the soybeans to long days than by 
exposing them to short days,
Johnson et al (I960) noted that photoperiod-induced 
effects are often expressed after a time lag. They showed 
that for some cultivars* the period from flowering to 
podset was greatly influenced by certain photoperiod 
treatments begun in advance of flowering. Similar findings 
were obtained by Nagata (1960). The appearance of floral
primordia occurs between five days and two weeks after 
induction, depending on the length of the inductive 
photoperiod relative to the cultivar (Borthwick and Parker, 
1938a; Shanmugasundarum and Tsou, 197B; Thomas and Raper, 
1903a). Most of the mechanisms leading to the biochemical 
and morphological changes in the plant, which are expressed 
as a result of short day induction, are evidently set into 
motion well before anthesis.
The photoreaction which regulates the initiation of 
flowering also seems to control the time periods between 
reproductive stages of development. The different stages, 
however, are affected differentially. Nagata (1960) deter­
mined that longer photoperiods had a greater effect on 
lengthening the seed forming period than on lengthening the 
flowering period in some determinate cultivars. Parker and 
Borthwick (1939) simply noted that reproductive development 
is slowed by the imposition of long photoperiods after 
flowering. Johnson et al (1960) showed that short 
photoperiods imposed after flowering decreased the time 
interval from the termination of flowering to maturity. The 
shortening of this time interval increases the rate of dry 
matter accumulation in the pods at the expense of vegeta­
tive tissue (Thomas and Raper, 1976). Raper and Thomas 
(1978) exposed soybeans to long photoperiods at the 
pod-fill stage of development (R5). They found that slowing 
reproductive development at this time reduced seed weight 
per plant at day /night temperatures of £6 /E2 and
32/26°C. At £8 /18°C, seed weight per plant appeared to 
increase but the difference was not significant. The length 
of the reproductive period between R4 and R7 was shown by 
Dunphy, Hanway and Green (1979) to be positively correlated 
with yield in indeterminate soybeans.
Temperature Effects
Temperature apparently modifies the effects of 
photoperiod. Board and Hall (1984) found that warmer 
temperatures generally speeded the time to first flowering, 
although the effect was mare pronounced in mid-April (short 
day) simulations than in mid-May (long day) simulations. 
Hesketh, Myhre and Willey (1973) found that increasing 
temperatures increased the rate of vegetative development. 
Increasing the temperature from 14 to £1°C, for example, 
reduced the time interval between vegetative events by 50*/.- 
The same temperature increase reduced the time between 74 
and Rl by 70'A. Short daylengths and cool temperatures may 
impede vegetative development by simply reducing metabolic 
activity (van Shaik and Probst, 1958). Day /night tempera­
tures only slightly affect main axis node number when 
induction occurs during expansion of the sixth trifoliolate 
leaf (Thomas and Raper, 1977). van Shaik and Probst (1958) 
determined that long photoperiods, in combination with 
temperatures of 27 and 32°C, resulted in lengthened flower­
ing periods, an increased appearance of flowers, and in­
creased flower and pod shedding. They noted, though, that
the changes that they observed were not consistent. Thomas 
and Raper (1978) and Thomas, Raper and Weeks <1981) found 
that under inductive photoperiods, warmer temperatures 
reduced the time to anthesis and pad appearance. Cool 
temperatures may affect flowering by their influence an the 
endgenaus rhythm, perhaps by altering it to a cycle other 
than the optimal 2^ + hours <Blaney and Hamner, 1957).
Branch Development
As mentioned previously, vegetative development of the 
branches occurs predominantly between the Rl and R5 stages 
of development (Board and Settimi, in Press). Borthwick and 
Parker <193Ba) suggestedthat branch development progressed 
in a manner similar to that of the main axis. Thomas and 
Raper (1977) showed that plants induced at an early stage 
of development (VI) had more branch nodes when returned to 
long day conditions than if they were given any number of 
short days, regardless of temperature. Plants induced at a 
later age <V6) and exposed to 10, 15 or 20 short days
had a high number of branch nodes compared to those re­
ceiving only long days. Under cool temperatures, however, 
this situation was reversed. In all cases, late induction 
resulted in more main stem and branch nodes than did 
early induction. These researchers also found that late 
induction caused branches to develop from main axis 
nodes higher on the plant than did the branches on 
early induced plants. The application of
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long days between the R5 and R8 stages of development can 
encourage secondary and tertiary branch development (Thomas 
and Raper, 1978). Hicks and Pendleton (1969) encouraged 
branch development under short days by removing floral buds 
from various sections of indeterminate soybeans.
In addition to photoperiod, light intensity and 
temperature affect branch development. In field beans 
( Pb^seg ij. s vulgar is L.)» full spectrum light intensities 
of 20 klux increased main stem height, while shading a 
lateral bud resulted in an increased length of the bud 
(Field and Jackson, 1975). In contrast, Johnson, Pendleton, 
Peters and Hicks £1969), working with soybeans, illuminated 
the normally shaded leaves of the lower canopy with wide 
spectrum fluorescent lights and found that branch number 
increased. The apparent discrepancy may be due to the 
different plants or to the different light sources. Field 
and Jackson (1975) showed that incandescent lights which 
have a higher proportion of red spectrum light than natural 
light were most effective in inhibiting branch development. 
Fluorescent lights tend towards the blue end of the spec­
trum .
Thomas and Raper (1977) showed that soybeans induced 
at an early age produced more main axis and branch nodes 
with each increase in temperature. For those induced at a 
later stage of development, moderate temperatures were the 
most favorable for high node production. In a later work, 
these researchers determined that branch numbers did not
11
vary with temperature) but branch length did (Thomas and 
Raper, 197B). Temperatures below 22°C significantly reduced 
branch internode elongation. More recently, Thomas and 
Raper (1903b) reported that within a temperature regime, 
branch number was little affected by photoperiods imposed 
21 days after the expansion of the first trifoliolate leaf. 
They also noted that the ratio of main axis length to 
branch length increased with both temperature and 
photoper iod.
Endogenous plant growth regulators (PGRs) also play a 
role in branch development. Experiments on field beans 
indicated that fruits imposed dormancy on the axillary 
buds, the effect being cultivar dependent (Tamas, Ozbun, 
Wallace, Powell and Engels, 1979). When the fruits were 
removed, axillary bud growth was enhanced. Tamas, Davies, 
Mazur and Campbell (198^) found that IAA, produced in the 
seeds of the field beans, inhibited axillary bud growth. On 
the other hand, if IAA was added directly to the buds, it 
stimulated their growth. The application of IAA in combina­
tion with Kinetin to the buds of peas ( Eisum sat^ya L.) 
also stimulated branch development (Sachs and Thimann, 
1967). The cause of the opposing reactions to exogenous and 
endogenous IAA on branch development is unclear. There may 
be a dosage effect or the endogenous IAA may undergo some 
chemical changes after it is translocated out of the 
fruits. Shein and Tackson (1971) applied Kinetin,
Gibberellic acid (GA_) and IAA in various combinations to3
dwarf field beans. They found that only GA_ increased 
branch length* and that no treatment increased node number. 
The combination of IAA and Kinetin actually caused a 
reduction in branch length. In this experiment* however* 
the IAA and Kinetin were added simultaneously* while Sachs 
and Thimann (1967) added the Kinetin three days prior to 
the IAA. Lee (1984) showed that IAA metabolism can be 
increased in soybeans treated with sub-lethal dosages of 
glyphosate. This resulted in increased branch development 
on the lower nodes of the plant. Abscisic acid (ABA) has 
also been shown to inhibit branch development (Tamas et a l * 
1904). Removal of the apical meristem from field beans was 
shown to reduce the ABA content of the axillary buds and 
encourage their growth (Knox and Waring* 1984). In soy­
beans* removal of the apical meristem causes branches at 
the upper nodes of the plant to show the most increase in 
growth (Lee* 1984). The regulation of axillary bud growth 
by the apical meristem and by the fruits may operate under 
similar mechanisms* differing in the source of the signal 
(Tamas et al* 1984).
In determinate soybeans* branches are responsible for 
a large proportion of the total yield (Board* 1985; Ramseur 
et al* 1984). The proportion of the yield derived from the 
branches increases with a decreasing plant population 
(Rairseur et al , 1984; Wallace* 1986). Ramseur et al (1984) 
found that branch yield was highest on those branches 
originating from the lowest part of the plant. Dry weather
1?
reduced yield on all of the branches) but the branches on 
the lowest part of the plant suffered the greatest decline.
EXPERIMENTATION
I. Description of Branch Development and the 
Distribution of Branches on the Main 
Axis at Two Planting Dates
Materials and Methods 
Genera X Cultural, Qond j_t i ons . The experiment was conducted 
at the Burden Research Plantation} Baton Rouge, LA. The 
soil type of the experimental area was an Olivier silt loam 
(fine silty, mixed, thermic Aquic Fragiudalf). In 1984, 
soybean cultivar 'Lee 74’ was hand planted at the rate of
300.000 seeds/ha in four rows 75 cm wide x 5 m long on 2B
May and 10 July. In 19B5, the seeding rate was 450,000
seeds/ha in rows 75 cm wide x 7.5 m long on HO May and 15
July. In both years, plots were thinned to a population of
150.000 plants/ha prior to V3. Fertilizer, 0-H0-E0
(N—P^O,-—K^O) was applied prior to planting at a rate of 
267 kg/ha. Hand weeding was done throughout the season and 
Acephate was applied (0.42 1 active ingredient/ha) as 
needed to control insects.
Cxgter imenta 1 Design and Data Analysis. There were four 
replications within each planting date. In 19B4, eight 
plants per replication were randomly selected for observa­
tion. Plants with obvious morphological aberrations were 
not considered. In 19B5, 12 plants /replicate were used.
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For the soybeans seeded in May, data were collected at 
biweekly intervals on the number of partially or fully 
expanded leaves on the main axis and on each branch. If a 
leaf subsequently abscised, it was still counted unless the 
entire branch died. Branch trifoliolate number is equiva­
lent to branch node number. Observations began at the first 
indications of branch development (approximately 32 days 
after planting) and continued until R5. This same informa­
tion was collected on the soybeans seeded in July only in 
19B5. The date of R1 was determined both years and the date 
of flowering of each branch was determined in 1985. The 
biweekly data were analyzed by regression, using the days 
after emergence as the independent variable. The means and 
standard deviations were determined for flowering dates.
In order to determine the differences in the distribu­
tion of branch development, data were collected at two 
sampling times on the main axis height and number of nodes 
and the length and node (trifoliolate) number of the 
branches. In 1984, the sampling times were R1 and RB and in 
19B5, they were R1 and R5. This was done because branch 
development is completed by R5 and to reduce the work load 
at harvest. Pod numbers were determined at harvest both 
years. Data collected from branches originating from main 
axis nodes one through three were grouped together, as 
were data collected from branches at nodes four through 
seven, eight through 10, and 11 through the terminal apex. 
These data were subjected to an analysis of variance
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(ANOVA) which separated out the effects due to planting 
date and also to separate out effects due to sampling 
times. Data from the two years were then combined and 
analyzed.
Resu1ts
Branch Development.. The regression equations developed for 
each branch and branch totals are presented separately for 
19B4 (Table 1) and 19B5 (Table £). Equations presented were 
significant at the .05 level or lower. In both years, the 
total branch trifoliolate number increased in a linear 
fashion. Individual branches, however, showed linear or 
quadratic growth, depending on the branch and in some 
cases, upon the year. More than one branch often developed 
at one main axis node. For example, three branches devel­
oped on nodes 9, 10 and 11. Each branch on those nodes
developed differently from the others.
It was determined through the use of a restriction 
model that none of the equations developed for 19B4 were 
equal to those of 19B5. Since the object of this study was 
to develop a descriptive model of branch development, 
however, the data were combined and equations were develop­
ed for the variables (Table 3). In the combined analysis, 
branch A, branch 9c, branch 10c, branch lib and branch 13b 
showed quadratic growth. In 1984 (Table 1), growth on those 
branches was linear. Branches lEb, 14a and 14b also showed
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Table 1. Regression oT branch trifo1iolates on days after 
emergence from a 28 May planting date. Branch Characteriza­
tion. Burden Plantation, Baton Rouge. 1984.
Dependent 
Vari able
Regression 
Equat ion 2r
Vali d Day 
(D) Values
Total Branch 14.42 + 0.56(Days After
Tr ifo1iolates Emergence,D) .94 0 1 GD
Trifoliolates on
Branch at Main p
Axis Node : 2 = - 6.27 + 0 . 34(D ) - 0.002(Dp ) .87 0-81
3 = - 4.54 + 0.24 < D ) - 0.002(D) .86 0-81
4 = — 0.49 + 0.02(D > .40 0-81
5 = — 0.35 4" 0.02 < D ) .51 0-81
6 = — 1 .32 4- 0.04 < D ) .51 31-81
7a = — 2.12 4- 0.06(D) p .77 31-81
7b 0.53 — 0.03(D > + 0 .0003(D ) .73 31-81
8a — — 1 .70 4- 0.04(D) p .94 34-81
Bb = 1 .07 — 0.05(D) + 0.0005(D) . 55 34-81
9a = — 1 .45 4- 0. 04 < D ) p .87 34-81
9b = 1 .61 - 0.07(D) 4* 0.001(D ) .84 34-81
9c = - 0.03 4- 0.001(D) . 10 34-81
10a — 2.59 4- 0.06(D) p .93 38-81
10b 1 . 19 - 0.07 (D ) 4- 0.001 CD ) .83 38-81
10c = — 0.09 + 0.002(D) .23 38-81
11a — — 3.26 + 0.06(D) .92 38-81
lib = - 2.05 + 0.04(D) .78 3B-81
11c 1 . 17 — 0.04(D) .70 3B-81
12a — 2.69 + 0.05(D) p .83 42-81
12b 1 . 15 — 0.06(D) 4- 0.001(D) .74 42-81
13a — — 1 .37 + 0.03(D) .61 42-81
13b = — 0.78 4- 0.01(D) .49 42-81
14a 1 .09 — 0.04(D) 4- 0.0003(Dp) .58 48-81
14b — 0.51 — 0 .02 (D ) + 0.0002(D) .43 48-81
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Table S. Regression of branch trifo1ia 1ates on days after 
emergence from a £0 May planting date. Branch Characteriza­
tion. Burden Plantation? Baton Rouge. 19B5.
Dependent 
Van iable
Regression 
Equat ion
Valid Day 
(D> Values
Total Branch 
Trifoliolates
■14.64 + 0.48(Days After 
EmergenceiD) .94 0-81
Trifoliolates 
Branch at Main 
Axis Node
on
2 = - 1 .00 + 0.01(D) - 0.0008<D) .22 0-81
3 = - 2.41 + 0.13(D) - 0.001(D) .51 0-81
4 = — 1 .56 + 0.07(D) .37 0-81
5 = — 0.88 + 0.03(D) .74 0-81
6 = — £.49 + 0.08(D) .84 31-81
7a - — 2.11 + 0.06(D ) r3 .83 31-81
7b = 1 .20 — 0.06(D) + 0.0006(D) .64 31-81
8a = — 0.53 + 0.00001 (D)-0.0003(DS ) .94 34-81
8b = 0.88 — 0.04(D) + 0.0004(D) .63 34-81
9a = — 1 .68 0.04(D) p .93 34-81
9b = 0.99 - 0.05(D) + 0.0007 (Dp .79 34-81
9c 0.49 — 0.02(D) + 0.0002 < D ) .72 34-81
10a — — 1 .59 + 0.04(D) P .87 38-81
10b = 0.45 - 0.03(D) + 0.0007 (Dp . 8B 38-81
10c 0.77 — 0.03(D) + 0.0003(D) .71 38-81
11a - — 2.00 0.04(D) P .79 38-81
lib t= 0.67 - 0.04(D) + 0.0006(Dp .82 38-81
11c = 0.66 — 0.03(D) + 0.0002(D) . 66 38-B1
12a = — 1 .76 + 0.04(D) P .83 42-81
12b = 0.46 — 0.03(D ) + 0.0004(D ) .74 42-81
13a 0.36 — 0.03(D) + 0.0004(Dp .70 42-81
13b — 0.84 — 0.04(D) + 0.0004(D) .70 42-81
14a — 0.37 — 0.02(D) + 0.0002(Dp) .33 48-81
14b — - 0.44 - 0.02(D) + 0.0001(D) .23 48-81
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Table 3. Regression of branch trifo1io1ates on days after 
emergence from a May planting date over two years. Branch 
Charac ter i zat i on. Burden Plantation. 198** and 19BS.
Dependent Regression g Valid Day
Variable Equation r (D) Values
Total Branch _ -14,19 + 0.51(Days After
Trifoliolates Emergence,D) .87 0-81
Trifoliolates on
Branch at Main ^
Axis Node 8 = - 5.07 + 0.87 < D ) - 0.008(Dp) . 18 0-81
3 = - 4.11 + 0.81<D) - 0.008(D 1 .33 0-81
4 = — 1 .30 0.06(D) — 0.0004(Dd ) .39 0-81
5 — 0.67 + 0.03(D ) .55 0-81
6 — — 8.04 + 0.06(D) .68 31-81
7 a — — S. 10 + 0.06(D ) O .80 31-81
7b — 1 .06 - 0.06(D) 0.0005(D) .60 31-81
8a - — 1 .68 + 0.04(D) P .90 34-81
8b = 0.96 — 0.05(D) + 0.0005(D ) .61 34-81
9a — 1 .58 + 0.04(D) P .90 34-81
9b — 1 .55 - 0.07(D) + 0.0008(Dp) .78 34-81
9c — 0.41 — 0.08(D ) + 0.0008(D) .47 34-81
10a - — 1 .85 + 0.04(D) .86 3B-B1
10b = 1 .01 - 0.06(D ) + 0.0001(D) . 85 38-81
10c = — 0.09 0.008(D ) .54 38-81
11a — _ 3.86 + 0.06(D) .80 38-81
lib = - 8.05 + 0.04(D) .78 3B-81
11c =: 1 .17 — 0.04(D) .67 38-81
18a = — 8.69 + 0.05(D) P .70 48-81
18b — 1 . 15 — 0.06(D) + 0.001<D) .74 48-81
13a — 1 .37 + 0.03(D) . 66 48-81
13b = — 0.78 + 0.01(D) . 63 48-81
14a = 1 .09 — 0.04(D) + 0.0003(Dp) .41 48-81
14b = 0.51 - 0.08(D) + 0.0008(D ) .38 48-81
op
quadratic growth* while in 1985 they exhibited linear
growth (Table 2). Branch 13a showed quadratic growth in the
combined analysis but linear growth in the two separate
analyses. Regression equations were also determined for the
branch development of the soybeans planted 15 July, 1985
2(Table A). The coefficients of variability (r ) were lower 
than those obtained from the regressions of the May plants. 
Again, total branch trifo1io1ates increased in a linear 
manner. The fifth main axis node was the lowest node with 
more than one branch.
In an attempt to find an equation to describe branch 
growth across planting dates, other regression equations 
were developed. The number of days from R1, the percentage 
of days between R1 and R5, the number of days from the 
first appearance of branches, and the percentage of days 
between the first appearance of branches and R5 were all 
used as independent variables (Table 5). None of the 
equations were the same for both planting dates.
The date of flowering of the main axis and each branch 
is presented in Table 6, With a May planting, 23 days 
elapsed between the time of first flowering of the main 
axis and the day that the last branch commenced flowering 
(17 July to 09 August). With a July planting, a total of 12 
days elapsed (25 August to 06 September). Field notes 
indicated that branches which began internode elongation 
and leaf expansion (viz. branch development) after R2 had 
flowers on their nodes prior to their development. That is,
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Table 4 . Regression of branch tr i f o 1 i o 1 ates on days after 
emergence from a 15 July planting date. Branch Characteriza­
tion. Burden Plantation. 1985.
Dependent 
Variable
Regression 
Equat ion 8r
Valid Day 
(D) Values
Total Branch -13.11 + 0.45(Days After
Tr ifoliolates Emergence »D) .77 0-51
Trifo1io1ates ion
Branch at Ma i n
Axis Node : 8 = - 0.84 + 0.08(D) .33 0-51
3 - 0.76 + 0.08(D) .80 0-51
4 - 1 .84 0.06(D) .48 0-51
5 = - 8.8S + 0.10(D) .78 0-51
6a = - 8.84 + 0.48(D) .90 0-51
6b = - 0.88 + 0.01(D) .41
7a — - 7 . 3 0 + 0.34(D) - 0.003(D ^ ) .91 0-51
7b = 1 .36 — 0.08(D) + 0.001(D) .55 0-51
Ba = - 1 .60 + 0.05(D) O .90 0-81
8b = 8.63 — 0.15(D) + 0.008(D ) .88 0-81
9a = - 0.98 + 0.03(D) .48 0-51
9b = - 0.83 + 0.01(D) . 16 0-51
9c = - 0.03 + 0.001<D) .08 0-51
10a = - 0.15 + 0.004(D) .86 0-51
10b = - 0.06 + 0.008(D) .08 0-51
1 la - - 0 . 0 6 •»* 0.008(D) .08 0-51
lib - 0.08 + 0.001(D) .08 0-51
Table 5. Regression of branch trifoliolates on various independent 
variables from combined data of May planting dates over two years and 
data from a July planting date. Branch Characterization. Burden 
Plantation. 1984 and 1985.
Planting
Date Regression Equation (Independent Variable)
2r
May y = 10.36 + 0.51(Days from RI) .87
July y = 3.55 + 0.45(Days from Rl) .77
May y = 10.36 + 0.16(Percentage of'days from Rl to R5) .87
July y = "3755 + 0.06(Fercentage of days from Rl to R5) .77
May y = -1.91 + 0.51(Days from first branch appearance) .87
July y s 0.40 + 0.45(Days from first branch appearance) .77
May y = -1.91 + 0.28(Percentage of days from first branch to R5) .87
July y 0.40 + 0.09(Percentage of days from first branch to R5) .77
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Table 6 . Date of flowering (DF), days after planting (DAP), and 
standard deviation of the main axis and of each branch from a 20 May 
and a 15 July planting date. Branch Characterization. Burden Plantation, 
Baton Rouge. 1985.
2Q May________   15 July
Variable DF (DAP) Std.Dev. DF (DAP) Std.Di
Main Axis 17 July (58) 2.91 25 Aug (Al) 1.94
Branch : 2 22 July (63) 2.02 01 Sept (48) 4.50
3 26 July (67) 6,83 29 Aug (45) 3.70
4 27 July (68) 8.54 28 Aug (44) 3.13
. 5 27 July (68) 8.94 26 Aug (42) 2.33
6 25 July (66) 6.07 27 Aug (43) 2.35
7A 03 Aug (75) 5.87 03 Sept (50) 4.16
7B 03.Aug (75) 5.87 04 Sept (51) 4.16
8A 25 July (66) 6.13 29 Aug (45) 4.00
8B 04 Aug (76) 10.91 05 Sept (52) 2.61
9A 23 July (64) 4.68 04 Sept (51) 3.30
9B 01 Aug (73) 5.50 04 Sept (51) 1.54
9C 07 Aug (79) 5,82 06 Sept (53) 0.00
10A 23 July (64) 3.92 04 Sept (51) 1.73
10B 31 July (72) 3.88 06 Sept (53) 0.00
10C 07 Aug (79) 3.71
11A 26 July (68) 4.96
11B 02 Aug (74) 4.38
11C 09 Aug (81) 6.11
12A 30 July (71) 3.98
12B 03 Aug (75) 6.70
13A 01 Aug (73) 3.22
13B 05 Aug (77) 4.62
14A 30 July (71) 8.49
14B 07 Aug (79) 5.13
-some branches developed from the axils of main axis nodes 
after those main axis nodes had begun reproductive develop­
ment. In additian» many of the lower branches continued 
vegetative growth for up to two weeks after they had begun 
reproductive growth.
Branch DXstrj^utigru The ANDVA for node numbers from each 
year is presented in Table 7. There were significant 
differences between planting dates for the main axis node 
number) total branch node number and from each group of 
branches except those originating from nodes four through 
seven in 1984. There were also significant differences 
between sampling times for every variable except the main 
axis node number and branch group one through three in 
19B5. Branch lengths and main axis heights (Table 8) were 
significantly different between planting dates except for 
the branch group four through seven in 1984. There was no 
significant difference between the sampling times in the 
length of branch group one through three in 1985. All of 
the other variables showed significant differences between 
sampling times.
Separate ANOVAs were conducted for each sampling time 
to determine the differences due solely to planting date 
within each year (Tables 9 and 10). In 1984f soybeans 
planted in May had significantly more nodes on the main 
axis and on all the branches at Rl than the July plants 
(Table 9). At maturity) branch group four through seven did 
not have significantly different node numbers between
Table 7. ANOVA of main axis nodes and branch nodes from four sections of the 
main axis at two planting dates and two sampling times. Branch Distribution. 
Burden Plantation! Baton Rouge. 1904 and 1905.
Source of
Year Variable Variation df SB Prob>!F! C.V.V.
1904
1985
(lain Axis Nodes Planting Date(PD) 1 10958.0 .OOOB
error 3 169.7 7.8
Sampling Time t ST) 1 331900.0 .OOOl
error 118 871B .3
Nodes on
Branches: 1 - 3 PD 1 3454.9 .0015
error 3 08.7 04.9
ST 1 399.0 .0008
error 118 3057.0
4 - 7 PD 1 10.7 .69
error 3 171 .6 69.6
BT 1 1140.0 .0001
error 118 1670.1
0 - 1 0 PD 1 500. 1 .007
error 3 34.0 113.4
ST 1 508.3 .0001
error 118 906. 1
11 - Apex PD 1 333. 1 .003
error 3 13.6 77.9
Total Branch Nodes PD 1 9470.3 .004
error 3 480.6 49.1
BT 1 0840.1 .0001
error 118 6367.7
Main Axis Nodes PD 1 60440.8 .0006
error 3 BB7.9 B.B
ST 1 178.3 .83
error 176 81618.7
Nodes on
Branches: 1 - 3 PD 1 877.9 .005
error 3 15.3 181 .9
ST 1 39.4 .06
error 176 1946.9
4 - 7 PD 1 461 .9 .08
error 3 63.3 58.9
ST 1 8507.1 .0001
error 176 8965.4
0 - 1 0 PD 1 417.1 .01
error 3 48.3 53.5
ST 1 9B1 .0 .0001
error 176 408. 1
11 - Apex PD 1 401 . 1 .08
error 3 46.6 145.0
ST 1 373.5 .OOOl
error 176 015.6
Total Branch Nodes PD 1 6100.1 .004
error 3 301 .7 46.9
ST 1 11459.7 • OOOl
error 176 6648.3
Table B. ANOVA of main axis height and branch lengths from four sections of the 
main axis at two planting dates and two sampling times. Branch Distribution. 
Burden Plantation) Baton Rouge. 1984 and 19B5.
Source of
Year Variable Variation df SS Prob>!F! C.V.7.
Main Axis Height Planting Date(PD) 1 12207.0 .03
error 3 £415.6 9.6
Sampling T ime(ST) 1 £25.8 .004
error 1 IB 2B45.5
Length of
Branches: 1 - 3 PD 1 161E41 .0 .001
error 3 3583.6 66 • 6
ST 1 204427.3 .0001
error 1 IB 76961.9
4 - 7 PD 1 13664.1 .13
error 3 9570.3 65.4
ST 1 36941.0 .0001
error 11S 39120.3
8 - 1 0 PD 1 14792.0 .0001
error 3 53.3 56. B
ST 1 15138.0 .0001
error 1 IB 5557.3
11 - Apex PD 1 10292.6 .007
error 3 1303.B 81.5
Total Branch Length PD 1 54125E.1 .003
error 3 21B43.4 39.9
ST 1 306691.3 .0001
error 1 IB 141157.5
Main Axis Length PD 1 9130.1 .03
error 3 1B07.5 11 .6
' ST 1 25E. 1 .02
error 176 7482.2
Length of
Branches: 1 - 3 PD 1 10179.2 .OOB
error 3 752.2 221 .9
ST 1 1386.B .07
error 176 71518.3
A - 7 PD 1 309BB.O .001
error 3 B62.8 69.9
ST 1 74655.2 .0001
error 176 107327.7
B - lO PD 1 1BB61.5 .003
error 3 761.6 59. 1
ST 1 26203.4 .0001
error 176 11552.8
11 - Apex PD 1 12723.0 .02
error 3 1698.2 109.7
ST 1 12272.0 .0001
error 176 14291.6
Total Branch Length PD 1 300833.3 .003
error 3 10591.0 57.2
ST 1 340033.3 .OOOl
error 176 253346.5
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Table 9. Main axis node number» branch node number, branch 
length and branch pod number from two sampling times and two 
planting dates from four sections of the main axis. Branch 
Distribution. Burden Plantation» Baton Rouge. 1904.
Branches at Main 
Axis Node : May
Bi
Ju 1 y
Maturity 
May July
1 - 3 length 52.0 **#■ 1 .5 97.8 6.3
nodes B . 4 *** 0.3 14.3 1 .6
pods 23.0 *** 2.2
4 - 7 length 17.1 6. 1 60.7 30.4
nodes 3.2 1 .9 8.5 NS 8.6
pods 17.2 NS 17.6
a - 10 length 3.1 0.0 43.3 ■***• 3.3
nodes o.e 0.0 8.2 1 . 1
pods 20. 1 2.3
11 - Apex length 0.0 m 33.8 0.0
nodes 0.0 m 4.6 0.0
pods 16. 1 *** 0.0
Total 1ength 72.2 7.6 235.5 *** 40.0
nodes 12.4 2.3 35.5 11.3
pods 78.4 24 .6
Main Axis nodes 13. 1 *** 9.7 13.4 *** 10.7
*** — Significant at the .0001 level of probability.
NS - Not significant.
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Table 10. Main axis node number* branch node number* branch 
length and branch pod number from two sampling times and two 
planting dates from four sections of the main axis. Branch 
Distribution. Burden Plantation* Baton Rouge. 1985.
Branches at Main 
Axis Node : May
Rl
July
Maturi. ty 
May July
1 - 3 length IS.5 0.3 SO. 5 ** 3.3
nodes S .6 0.1 3.4 ** 1 . 1
pods 3.6 NS 1 .5
4 - 7 1eng th S3.4 7.B 75.8 34 .4
nodes 3.7 NS 3.0 13.3 7.B
pods IB.9 NS SO. 3
B - 10 length 3.6 *** 0.5 43.7 *** 7. 1
nodes 0.8 *** 0.3 7.8 S.4
pods 15.8 6.7
11 - Apex length 0.4 NS 0.0 3S.3 0 . 1
nodes O.S NS 0.0 5.7 *** 0 . 1
pods 15.4 0.9
Total length 39.9 8.6 17S.0 44 .9
nodes 7.3 *** 3.4 30. S 11.4
pads 53.7 *** 39 . 5
Main Axis nodes 14.4 *** 10.5
in tt-K-K- 10.8
*■», - Significant at the .01 and .0001 levels of
probability* respectively.
NS - Not significant.
planting dates. Branch length was significantly different 
far all branch groups on the May plants at both sampling 
times. There were also more pods on the May plants except 
for branch group four through seven. In 19B5 (Table 10), 
the May-planted soybeans had significantly more main axis 
ndes than the July plants at Rl and maturity. Branch nodes 
on the May plants were significantly greater at Rl for 
branch groups one through three and eight through 10. At 
maturity, the May plants had significantly more nodes and 
greater branch lengths for all branch groups. Branch length 
was significantly different on all branch groups at both Rl 
and maturity except for on branches 11 to the apex at Rl. 
Field notes indicated that the branches in the lowermost 
group abscised on many of the plants during an extended dry 
spell. Pod numbers were not significantly different on 
branches one through seven. Differences in branch develop­
ment and pod distribution are illustrated in Figures 1 and
a.
A combined analysis of the data at maturity from both 
years, along with the means at each planting date are pre­
sented in Table 11. There was a significant interaction of 
planting date and year for total branch length, main axis 
pods and branch pods. There were no other significant 
d ifferences.
The differences in the distribution of branch 
trifoliolates (nodes) on the plant between planting dates 
can be detected as early as A2 days after planting. It can
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Figure 1. Branch development and pod distribution at two planting dates and two sampling times.
Branch Distribution. Burden Plantation, Baton Rouge, LA. 1984.
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Figure 2. Branch development and pod distribution at two planting dates and two sampling times.
Branch Distribution. Burden Plantation, Baton Rouge, LA. 1985.
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Table 11. Main axis node number and length, total branch node number and 
length, and main axis and branch pod number from optimal and nonoptimal 
planting dates over two years. Branch Characterization. Burden Plantation, 
Baton Rouge. 1984 and 1985.
Planting Main Axis Main Axis Branch Branch Main Axis Branch
Year Date Nodes Height Nodes Length Pods Pods
1984 28 May 13.4 63.3 35.5 235.5 15.9 77.8
10 July 10.7 44.4 11 .3 40.0 14.3 22. 1
1985 20 May 14.5 63.3 30.2 172.0 15.8 53.7
15 July 10.9 51 .2 11 .4 44.9 19.8 29.5
Prob>'F ! Date(D) .094 .136 .081 .133 .818 .239
Year(Y ) .112 .440 .171 .068 .171 . 118
Y*D .073 .340 . 190 .033 .008 .0001
VjJ
'■■0
be seen in Figure 3 that at US days after planting* both a 
soybean planted in May and in July have the same number of 
branch nodes. On the May plant* however* most of the nodes 
are found on the lower branches, while in July they are 
found on the middle branches. It should be noted that at US 
days after planting, the July plants had reached R l * while 
the May plants did not reach Rl until 53 days after plant­
ing.
Discussion
Most of the branches on the plant had a positive
linear or quadratic growth pattern (Tables 1* 2 and 3). The
generally larger branches at the lowest nodes exhibited
quadratic growth both years. Some of the branches at the
upper main axis nodes had a negative linear term in the
quadratic equation. This indicated that some abscission
occurred after the branches started forming, resulting in a
negative growth rate until branches at those nodes formed
on other plants. Branches at node two abscised in 19B5
resulting in an overall lower growth rate. In this case,
however, node development on other plants at node two was
continuing at a rapid enough rate to prevent an apparent
overall negative growth rate. Many of the upper branches
showed a linear growth pattern in 19B4 but a quadratic
pattern in 1985. Visual inspection of the plotted lines,
though, indicated that a linear equation may have fit the
lines with little to no reduction in the coefficient of 
Svariability (r ). The lowest branches were strongly
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Figure 3. Comparison of branch development from May and July planting dates averaged over
two years. Branch Characterization. Burden Plantation, Baton Rouge, LA. 198A and 1985,
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quadratic. This is primarily due to the fact that most of 
their growth ceases before that of the upper branches, or 
in some cases, before the growth of the upper branches 
beg i ns.
One objective of this study was to use the descrip­
tions of branch growth in a predictive capacity. The 
equations developed for total branch trifo1io1ates under a 
May planting date in 198^ and 1985 were very similar. The 
main difference was in the growth rate. The lower overall 
branch trifoliolate growth rate rate in 1985 may have been
due to the lower growth rate of the branches at nodes two
Sand three (Table 8). In some cases where r was greatly
different from year to year (e.g. branch 2) it would
probably be better to use the regression equation from the
2
year with the higher r than the combined years’ equation. 
It appears that separate predictive models must be used for 
different planting dates (Table 5).
Branch flowering commences at different times, depend­
ing upon the location of the branch . All of the branches 
on the late-planted soybeans began flowering within two 
weeks of main axis flowering, while over three weeks elaps­
ed before all of the branches began flowering on the May 
planted soybeans. Since branch growth appeared to continue, 
and even sometimes begin, after reproductive development 
had commenced, it would seem that once branch development 
begins it is not controlled by subsequent reproductive 
growth of the main axis. Branch development of determinate
36
soybeans may proceed much the same way as main axis devel­
opment proceeds in indeterminate soybeans. That is, both 
reproductive and vegetative growth occur simultaneously.
In the branch distribution analysis it was shown that 
branch development was greater at the upper and lower parts 
of the soybean plant under a May planting date in 1984 
(Table 9). These two groups of branches accounted for 31*/. 
and 21'/. of the branch pods* and 40'/. and 13'/. of the branch 
nodes, respectively, of the May plants. In 1985 (Table 10) 
the results were similar except for the low branch develop­
ment at nodes one to three caused by abscission of those 
branches earlier in the season. The reduced overall pod 
number in 1985 (Table 11) can be traced to the reduced pod 
number at those lower branches. With a July planting date, 
branches rarely formed at the lowermost main axis nodes, 
and the reduced number of main axis nodes reduced the 
number of sites for branching. Increased yields from a July 
planting date, then may be contingent upon increasing 
branch development at the lower part of the main axis, and 
upon increasing the number of main axis nodes so as to 
provide more sites where branches could potentially devel­
op .
3?
II. Relative Effects of Pre-flowering and 
Post-flowering Photoperiad on Branch Development
Materials and Methods 
General. Cu l_tur a 1_ Cond i.t ions^ The experiment was conducted 
at the Phytotronj North Carolina State University) Ralieghj 
NC. Centennial (cv.) soybeans were planted in 254 mm 
polyethylene pots with six liters of a soil mixture of two 
parts gravel (No. 16 construction grade, steam sterilized 
a'nd washed) and peat to one part vermicul ite. After emer­
gence) seedlings were thinned to two per pot. This approx­
imated a population of 302*000 plants ha *. Plants were 
watered daily with a standard nutrient solution used at the 
Phytotron (Downs and Thomas* 1983).
Description of Pho toger i. od Chamber s^ The plants were kept 
in a greenhouse between 0800 and 1700 hours at a tempera­
ture of 26°C. Between 1700 and 0800 hours they were kept in 
environmentally controlled chambers at 22°C. Incandescent
lights provided a photosynthetic photon flux density (400 -
-1 -2700 nm) of 30 umol s m and a photomorphogenic irradiance
-1 -2(700 - 850 nm) of 57 umol s m The photoperiod treatment 
within each chamber simulated the natural daylength 
progression between sunrise and sunset at 30°N latitude* 
Baton Rouge* LA. (Tables of Sunrise, Sunset and Twilight. 
Supplement to the American Ephemeris, Nautical Almanac 
Office* U.S. Navel Observatory, 1946).
Gxper.imental. Design and Data Analyses.. The experiment was 
set up as a randomized complete block design with four
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replications and four treatments. The experimental area 
consisted of 16 pots and an experimental unit consisted of 
two plants within a pot. The treatments were combinations 
of pre-flowering and post-flowering simulations of an 
optimal (14 May) and a nonoptimal (£4 June) planting date 
at 30°N latitude. The four treatments are listed below:
Pre-flowering Post-flowering
Treatment Photoperiod Photoperiod
Simulation Simulation
May - May (MM) 14 May - 1 July 1 July - 4 Aug
May - June (MJ) 14 May — 1 July 8 Aug - 10 Sept
June - May (JM) 24 June - 8 Aug 1 July - 4 Aug
June - June (JJ) 24 June — 8 Aug 8 Aug - 10 Sept
The MM and JJ treatments are continuous photoperiod 
simulations of optimal and nonoptimal planting dates. The 
MJ treatment is a photoperiod simulation of an optimal 
planting date until flowering. The post flowering simula­
tion is that of a nonoptimal planting date. The JM treat­
ment is the reciprocal combination.
Data were collected on the four center pots of each 
replication. Data were obtained on the number of days to 
Rl, R3 and R5. At R5* the experiment was terminated and 
data were collected on main axis height* node number and 
dry weight* and on branch number* total branch length* 
branch node number and branch dry weight, and the distribu­
tion of branches on the main axis. The data were subjected
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to an ANQVA and the differences between the means were 
determined by single degree of freedom contrasts.
Results
The results of the ANOVA conducted on the plant compo­
nents at R5 are presented in Table IE. The dry weight of 
the main axis? the average ranch length and the average 
number of nodes/branch were not affected by the treatments. 
The means of the components which were significant are 
presented in Table 13.
The contrasts indicate that the plants under a June 
pre-flowering photoperiod treatment (JJ and JM> were taller 
and had more main axis nodes than did those under a May 
pre-flowering treatment (MM and MJ). Main axis height and 
node number were affected by the post-flowering treatment 
only when the plants had a June pre-flowering treatment. 
Branch components were affected by both the pre-flowering 
and the post—flowering photoperiods.The most branches were 
formed under the MM treatment> with all the other treat­
ments having statistically equal numbers. An optimal 
photoperiad was required throughout the duration of the 
test in order to obtain the highest number of branches and 
branch nodes. Total branch length was lowest under the JJ 
treatment with all of the other treatments being equal. 
Branch node number and dry weight were reduced by either a 
June pre-flowering or post-flowering photoperiod. A May
^0
Table 15. ANOVA of plant components. The effect of 
pre-flowering and post-flowering phatoperiods. North Carolina 
State University Phytotron* Raliegh, NC. 19BA.
Component df S S Prob>!F ! c . v .
Main Axis Height 3 10565.5 .0001 6.8
error 9 375.7
Main Axis Node Number 3 35. 1 .0001 A.9
error 9 A.O
Main Axis Dry Weight 3 57. A . AB HA.O
error 9 95. A
Total Branch Number 3 59.7 .01 55.0
error 9 15.8
Total Branch Length 3 11AA6.A .03 ru CD O
error 9 7579.7
Total Branch Nodes 3 151 .3 .003 58.0
error 9 35.9
Total Branch Dry Weight 3 31 .5 .006
o•cn
error 9 11 . A
Average Branch Length 3 103.7 .38 SA.O
error 9 570.5
Average Nodes /Branch 3 0.7 .57 16.0
error 9 1.3
Node of Lowest Branch 3 73.0 .0001 18.0
error 9 5.1
Table 13. Plant components with significant treatment effects. The
effect of pre-flowering and post-flowering photoperiods. North Carolina 
State University Phytotron, Raliegh,NC. 1984.
Treatment
Main
Axis
Height
Main
Axis
Nodes
Total
Branch
No.
Total
Branch
Length
Total
Branch
Nodes
Total
Branch
Weight
Main Axis 
Node of 
Low Branch
cm , + no no cm no gm
JJ+ 134.7a 13.4a 5.5a 88.3a 10.7a 2.1a 6.0a
JM 113.1b 12.0b 6.6a 129.4b 14.6b 3.5bc 3.4b
MJ 94.0c 11.0c 5.7a 120.6b 13.2b 3.4ab 2.6c
MM 89.2c 10.9c 8.1b 137.4b 16.0c 4.9c 2 .0d
+ - JJ =-June pre-flowering + June post-flowering simulation.
JM = June pre-flowering + May post-flowering simulation.
MJ = May pre-flowering + June post-flowering simulation.
MM = May pre-flowering + May post-flowering simulation.
t  - Treatments followed by different letters are significantly different 
at the .05 level of probability as determined by 1 df contrasts.
post-flowering photoperiod was able to overcome some of the 
effects of a June pre-flowering photoperiod. The lowest 
node on the main axis from which a branch arose was primar­
ily affected by the pre-flowering photoperiod. Both the MM 
and MJ treatments provided branches lower on the plant than 
did either the JJ or JM treatments. The significance 
between each of the four treatments shows that the 
post-flowering photoperiod was unable to overcome the 
effects of the pre-flowering photoperiod for this variable.
The number of' branch nodes and total branch length 
from the lower, middle and upper portions of the plant are 
presented in Table l^ t. Under a JJ treatment, no branches 
formed on the lowest main axis nodes. The pre-flowering 
photoperiod evidently had the most effect on branch devel­
opment at the lowest nodes since the two treatments with a 
June pre-flowering photoperiod treatment (JJ and JM) had 
statistically equal branch lengths and numbers of nodes.
The same was true of the two treatments with a May 
pre-flowering treatment (MM and M J ). For the middle nodes, 
the MM, MJ and JJ treatments were equal and lower than the 
JM treatment. At the upper nodes, the plants under the JJ 
treatment had the most branch development. Plants which had 
a May pre-flowering photoperiod (MM and MJ) did not produce 
any branches at the top of the plant.
The occurrence of certain reproductive events also 
varied between treatments (Table 15). The number of days 
from emergence to R1 and to R5 showed significant
Table 14. Branch node number and length from three sections of a soybean 
plant under four photoperiod treatments. The effects of pre-flowering and
post-flowering photoperiods. North Carolina State University Phytotron, 
Raliegh, NC. 1984.
Treatment
Branches Derived From Main Axis Nodes:
Cotelydon-3 4 - 7 8 - Apex
length nodes length nodes length nodes
cm , no cm no cm no
JJ+ 0 .0a 0 .0a 55.6a 6.4a 32.7a 4.4a
JM 18.4a 2 .1a 108.2b 12.3b 2.7b 0.4b
MJ 57.3b 5.9b 63.3a 7.4a 0 .0b 0 .0b
MM 71.1b 7.4b 62.2a 8 .6a 0 .0b 0 .0b
+ - JJ *= June pre-flowering + June post-flowering simulation.
JM = June pre-flowering + May post-flowering simulation.
MJ = May pre-flowering + June post-flowering simulation.
MM •* May pre-flowering + May poBt-flowering simulation.
t - Treatments follwed by different letters are significantly different 
at the .05 level of probability as determined by 1 df contrasts.
Table 15. ANOVA of developmental stages. The effect of 
pre-flowering and post-flowering photoperiods. North Carolina 
State University Phytotron, Raleigh, NC. 1984.
Vari able df SS Prob>!F ! C . V . */.
Number of Days to: R1 3 139.5 .0001 3.3
error 9 15.9
R3 3 51 . 6 .096
Oin
error 9 54. 1
R5 3 601 .3
error 9 0.0
Days between: R1 and R3 3 165.6 .002 20.0
error 9 44.3
R1 and R5 3 1042.3 .0001 4.6
error 9 15.9
R3 and R5 3 418.6 .0001 24.2
error 9 54.1
differences as did the days between R1 and R3» and R3 and 
R5. The error term for days to R5 was zero because the 
treatments were terminated as a whole at the onset of R5. 
Therefore there was no variability within a treatment. The 
number of days to R1 was greater for the JJ and JM treat­
ments than for the MM and MJ treatments, which were statis­
tically equal <Table 16). The JJ and JM treatments were 
expected to be equivalent. The differences between treat­
ments that were present at Rl» were gone by R3 (Table 15). 
The number of days between R1 and R3 was greatest for the 
MM treatment (Table 16). A June post-flowering photoperiod 
(JJ and M J ) caused plants to reach R5 faster than did a May 
post-flowering photoperiod (JM and MM). The period between 
R1 and R5 was highest for the MM treatment, followed by the 
JM treatment. This indicates that the May post-flowering 
photoperiod slowed reproductive development of the main 
axis.
Correlation coefficients (r) between branch parameters 
and some developmental stages are presented in Table 17. 
There were highly significant positive correlations between 
branch node number and branch number and length, between 
branch length and branch dry weight, and between the number 
of days to R1 and the lowest main axis node with a branch. 
Branch length, node number and dry weight had a moderate 
negative correlation with the number of days to Rl. All of 
the branch components were positively correlated with the
Table 16. Developmental stages with significant treatment effects. The 
effect of pre-flowering and post-flowering photoperiods. North Carolina 
State University Phytotron, Raliegh, NC. 1984.
Treatment Rl R1 - R3 R5 R1 - R5
—— —  days  ------- — -----------
12.7a 59.0a 19.1a
15.1a 66.0b 29.0b
15.1a 59.0a 23.9c
19.2b 69.0b 34.5d
JJ
JM
MJ
MM
39.9a
37.0b
35.1c
34.5c
+ - JJ = June pre-flowering + June post-flowering simulation.
JM = June pre-flowering + May post-flowering simulation.
MJ = May pre-flowering + June post-flowering simulation.
MM = May pre-flowering + May post-flowering simulation.
t - Treatments followed by different letters are significantly different 
at the .05 level of probability as determined by 1 df contrasts.
Table 17. Correlation coefficients for branch parameters and some 
developmental stages. The effect of pre-flowering and post-flowering
photoperiods..North.Carolina State University Phytotron,.Raliegh, NC.1984
Branch
Length
Branch
Nodes
Branch 
Dry Wt
Low Node 
v/branch
Days 
to Rl
Days
R1-R5
Branch Number .48** .74*** .50** -.48** .43* .61**
Branch length .85*** .93*** -.55** -.45* .49**
Branch Nodes .84*** -.61** -.41* .53**
Branch Dry Weight -.65*** -.46* .59**
Low Node w/Branch .79** -.62**
**( *** -Significant at the .05, .01 and .0001 levels of probability, 
respectively.
period from R1 to R5 except for the lowest node with a 
branch) which had a negative correlation.
Discussion
As expected) the pre-flowering photoperiod had a large 
effect on main axis node number and height. At the onset of 
flowering, most vegetative development of the main axis 
ceases. Branch development was influenced by both the 
pre-flowering and post-flowering photoperiods.
The MM treatment provided the highest number of 
branches, total branch nodes, branch dry weight, the 
longest total branch length and the lowest main axis node 
which bore a branch. At the same time, the MM treatment had 
the shortest vegetative period and longest reproductive 
period (R1 to R5). On the other end, the JJ treatment had 
the lowest amount of branch development along with the 
shortest reproductive period. A lack of branches below the 
sixth main axis node may have been a major factor in 
determining the low branch development under the JJ treat­
ment. The combination treatments, MJ and JM, were interme­
diate in their effects on branch development. A June 
post-flowering photoperiod (MJ) did not reduce total branch 
length from a MM treatment, while a May post—f 1owering 
photoperiod (JM) did increase total branch length from the 
JJ treatment.
In this experiment, the plants under a June 
pre-flowering photoperiod simulation reached R1 later than
those under a May pre-flowering simulation. In the field) 
the apposite is true. This may be due to the higher temper­
atures in July in the field. It may have also been due to 
the longer photoperiods under the June treatments or to the 
combination of longer photoperiods and the light spectrum 
received by the plants (R.J. Downsj personal communica­
tion). A May post-flowering photoperiod seemed to slow 
reproductive development of the main axis. This collabo­
rates the reports of Johnson et al (I960), Nagata (1960) 
and Parker and Borthwick (1939). It is interesting to note 
that in this experiment, branch components were positively 
correlated with the length of the reproductive period but 
negatively correlated to the number of days to R1. This 
indicates that the photoperiods during the reproductive 
phase of the main axis have a major impact on branch 
development and that an excessive pre-flowering time period 
does not necessarily increase branch development.
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III. Encouragement of Branch Development
The Effect of Floral Bud Removal From 
the Main Axis on Branch Development
Materials and Methods
General. Qul.tura.1 Conditions. The experiment was conducted
at the Burden Research Plantation, Baton Rouge, LA. The
soil type of the experimental area was an Olivier silt loam
(fine silty, mixed, thermic Aquic Fragiudalf). In 1984,
soybean cultivar 'Lee 74' was planted at the rate of
300.000 seeds/ha in four rows 75 cm wide x 5 m long on 88
May and 10 July. In 1985, the seeding rate was 450,000
seeds/ha in rows 75 cm wide x 7.5 m long on SO May and 15
July. In both years, plots were thinned to a population of
150.000 plants/ha prior to V3. Fertilizer, 0-80-80 
(N-PgQ^-KgO) was applied prior to planting at a rate of 
867 kg/ha. Hand weeding was done throughout the season and 
Acephate was applied (0.48 1 active ingredient/ha) as 
needed to control insects.
Gxger i.menta.1 Design and Data Anal.ysi.Si The experiment was 
a split-plot arrangement of a randomized complete block 
design with four replications. Planting dates were the main 
plots and the flower removal treatments were the sub-plots. 
The experimental area was 8.5 x 8.85 m. In bath years, one 
of the following treatments was applied to the plants:
1. No flowers removed (Control).
S. Flowers removed below the fifth main axis node.
In 1985, an additional treatment was added:
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3. Flowers removed from main axis nodes five to eight.
Data were collected on main axis node number and 
height, and branch node number and length. Four plants per 
treatment within each replication were sampled at two 
times. In 1984, the sampling times were R1 and RB, and in 
1985, they were R1 and R5. At R5, most branch development 
is complete (Board and Settimi, in Press). Taking data at 
this time reduced the work load at harvest. Main axis pod 
number, branch pod number and seed yields were determined 
at harvest from an area of 75 x 90 cm. Harvest was conduct­
ed 31 October and 7 November in 1984, and on 8 and 10 
November in 1985. Pods were dried and threshed, and seed 
weights were adjusted to 137. moisture.
In order to reduce the bias of pre-treatment plant 
development, an ANOVA was conducted on the changes which 
occurred between R1 and R8 <R5> for the measured vari­
ables. For significant treatment effects, LSD’s were used 
to test the significance between the means. The analyses 
were conducted independently for each year.
Resu1ts
The ANOVA’s for the changes in main axis and branch 
components occurring between R1 and R8 (R5) are presented 
in Tables IS and 19. In 1984 (Table 18) there were no 
significant treatment effects. Only planting date affected 
the variables. In 1985 (Table 19), treatments again had no
Table 18. ANOVA of changes in main axis height, main axis node number, branch 
length and number of branch nodes between Ri and R8 under two flower removal 
treatments at two planting dates. Flower Removal Study. Burden Plantation, Baton 
Rouge. 1984.
Source of 
Variation df
Maim Axis Height 
~SS Prob>EF!
Ma im Axi.s Nodes 
SS Prob>!FI~
Branch Length 
SS Prob>!F !
Branch Nodes 
SS ~Prob>!F t
Reps (R) 3 3508.1 .044 10.8 .09 1400.3 . 9E 306.4 .51
Date (D) 1 1E446.6 .0009 318.9 .0001 E74117.7 .0035 3178.1 .007
error a 3 3593.8 479.6 91E6.9 313.8
Treatment(T ) 1 45.1 .EO 1 .2 .14 1345.9 .35 0.4 .94
D*T 1 77.1 . 4E O.E -9E 145.5 .70 0.8 .91
R*T 3 78.7 .41 7.4 .004 1793.7 . 63 330.3 .40
R*D*T 3 71 .5 .97 4.4 .5 389E.0 .38 508.0 .09
error b 48 E573.0 185.8 47805.6 3543.6
Table 19. ANOVA of changes in main axis height* main axis node number* branch 
length and number of branch nodes between R1 and RS under three flower removal
treatments at 
Rouge. 1985.
two planting dates. Flower Removal Study. Burden Plantation* Baton
Source of 
Var i at ion
M^in Axis Height 
df SS Prob>!FI
Main Axis Nodes 
SS Prob>!F:
Branch Length 
SS Prob>!F 1
Branch Nodes 
SS ~Prob>!F !
Reps (R) 3 60.9 .38 1.7 .35 4757.7 .16 803.3 .54
Date <D) 1 117.0 .048 a . o .094 847965.0 .oooa 4916.3 .004
error a 3 33.5 1.0 1894.7 aas.B
Treatment(T ) 2 6.3 .89 0.0 1 .00 1667.3 . 10 68.9 . ia
D*T a 77.6 .86 0.6 .84 5097.9 .001 114.5 .089
R*T 6 176.8 .40 0.7 .77 8374.5 .38 75. a .57
R*D*T b 198. 1 .33 a. i . 13 3106.3 .ao 31 .8 .91
error b 7a aoaa.o 14.5 E541B.3 1111.8
direct effects on the variables. Planting date affected 
branch length and node number. Branch length and node 
number were also affected by the interaction of planting 
date with the treatments. Since there were no direct 
treatment effects, only the means of the variables for the 
two planting dates are presented (Table SO). The interac­
tion of planting date with the treatments is presented in 
Table SI. An LSD (.05) failed to detect any differences 
between treatments within planting dates. The ANOVA of the 
main axis, branch and total plant pod numbers are presented 
in Table S S . In both years, main axis pod number was 
unaffected by either planting date or the treatments.
Branch pod number was unaffected by the treatments but 
there were significant differences between planting dates. 
Total plant pod number was affected by planting date in 
both years. The means of the main axis, branch and total 
plant pod numbers at each planting date and.treatment in 
19B5 are presented in Table S3. The LSD (.05) again failed 
to detect any differences within a planting date. Main 
axis, branch, and total plant pod numbers for the two 
planting dates in 190^ are presented in Table E4.
Table E5 shows the results of the ANOVA for main axis, 
branch and total plant seed yield from 190^ and 19B5. There 
were no significant treatment effects on any of the vari­
ables in either year. Planting date, however, affected 
branch yield and total plant yield both years. In 1905, 
main axis yield was significantly higher under a July
Table 20. Main axis height and number of nodes, and total branch length 
and number of nodes at two sampling times and two planting dates for two
years. Flower Removal Study. Burden Plantation, Baton.Rouge..1984 and 1985
Year
Planting
Date
Sampling
Time
Main Axis 
Height
Main Axis 
Nodes
Branch
Length
Branch
Nodes
cm no cm no
1984 28 May R1 61.3 13.1 72.2 12.4
R8 63.3 13.4 235.5 35.5
10 July R1 41.4 ' 9.7 7.6 2.3
R8 44.4 10,7 40.0 11.3
1985 20 May R1 67.7 14.5 38.6 7.1
R5 69.0 15.0 169.1 27.8
15 July R1 47.0 11.1 11.1 3.5
R5 50.5 11.4 39.9 9.6
Table 21. Branch length and node number changes occuring between R1 and 
R5 under three flower removal treatments at two planting dates. Flower 
Removal Study. Burden Plantation, Baton Rouge. 1985.
Total Branch length change 'Total Branch Node Change
1/Treatment: 1 2  3 1 2  3
 -- _____ Cm _____----  — ----   n o --- — —
May Planting 125.9 119.8 145.9 21.6 18.3 21.8
July Planting 34.1 28.9 23.4 7.4 6.6 4.8
LSD (.05) 26.03 5.5
1/ Treatments: 1. Control
2. Flowers removed on nodes one to five.
3. Flowers removed on nodes five to eight.
Table £2. ANOVA of main axis, branch and total plant pod numbers at harvest.
Flower Removal Study. Burden Plantation, Baton Rouge. 1984 and 1985.
Year Source of 
Variation df
Total Branch Pods 
SS Prob>!F !
Mai.n Axis Pods 
SS Prob>!F !
Iqtal Plant Pods 
SS Prob>!F !
1984 Rep 1icate (R) 3 798.5 .88 63.9 .69 730.5 .90
Date (D) 1 49561.9 .008 42.2 .38 52498.3 .008
error a 3 3709.5 122.4 3956.8
Treatment (T) 1 159.2 .38 2.2 .70 199.5 .35
D*T 1 58.1 .59 20.2 .26 147.0 .43
R*T 3 90.8 .92 161.6 .02 112.0 .92
R*T*D 3 670.5 .19 70.6 .22 1131.5 . 19
error b 48 9675.8 756.5 11151.3
C.V. 28 26 23
1985 Replicate (R) 3 1661.0 .68 170.3 .21 2084.6 .67
Date (D) 1 29827.0 .019 77.0 . 14 18370.8 .03
error a 3 2959.8 59.7 3668.4
Treatment (T) 2 521 .3 .21 24.3 .75 670.7 .21
D*T 2 993.3 .054 123. 1 .24 1559.4 .029
R*T 6 1042.9 .39 171 .5 .67 1597.7 .28
R*T*D 6 856.6 .52 168.2 .68 920.5 .62
error b 72 11760.0 3046.5 15028.5
c.v. •/. 31 39 25
o-v
o\
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Table 23. Branch, main axis and total plant pod numbers under three 
flower removal treatments and two planting dates. Flower Removal Study.
Burden Plantation, Baton Rouge. 1985.
Planting
Date _l_/^ reatment:
Total Branch Pods
Main Axis 
Pods Total Plant Pods
1 2 3 combined 1 2 3
May 53 50 63 16 68 66 80
July 27 26 25 18 47 43 41
LSD (.05) 17.9 NS 20.2
1/ Treatments: 1. Control
2. Flowers removed from nodes one to five.
3. Flowers removed from nodes five to eight.
Table 24. Total main axis, branch and plant pods from two planting dates
Flower Removal Study. Burden Plantation, Baton Rouge. 1984.
Branch Pods . Main Axis Pods. . Plant PodB
May Planting 77.7
------- n o --------
15.9 93.6
July Planting 22.1 18.2 .36.3
Table 25. ANOVA of main axis* branch and total plant yield at harvest.
Flower Removal Study. Burden Plantation* Baton Rouge. 1984 and 1985.
Year Source of 
Variation df
Main Axi_s Yield 
SS Prob>!F !
Branch Yield 
SS Prob>!F !
Igtal_ Plant Yield 
SS~ Prob>!F 1
1984 Replicate (R) 3 473.3 .£6 3459.3 . 66 6099.1 .44
Date <D) 1 388.8 . IS 1B9315.5 .OOSE 173865.4 . 00E
error a 3 E10.8 5B46.6 50E7.8
Treatment (T) 1 381.5 . £6 E1B.E .69 EE.5 .92
D*T 1 S50.9 .75 615.0 .90 479.9 .96
R*T 3 51.9 .64 1533.1 .33 E148.9 . 3B
error b 3 599.4 3485.0 637E.7
C.V. */. 19 15 16
1985 Replicate (R) 3 597. 1 .65 7076.1 .09 939E.7 . 26
Date (D) 1 6906.9 .019 53321.1 .002 El705.0 .029
error a 3 963.6 1232.5 4EE5.E
Treatment (T) E 431.1 .11 1761.7 .32 3866.8 . 18
D*T E 11E.E .48 686.7 .61 247.9 .87
R*T 6 636.7 .30 E576.3 .67 3088.5 .72
error b 6 410.8 3774.3 5077.8
c.v. ■/. 10 13 11
Vj-i
CO
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planting date. Yields from each planting date for each year 
are presented in Table 36.
Di scussion
This experiment produced expected results in terms of 
differences attributable to planting date. The treatments 
did not significantly affect main axis or branch develop­
ment or yield. The two instances of planting date and 
treatment interaction in 1985 were apparently caused by 
magnitude and direction changes in the simple effects since 
the LSDs (.05) failed to detect any differences between 
treatments within a planting date.
The failure of the treatments to affect branch devel­
opment contrasted with the observations of Hicks and 
Pendleton <1969). This may have been due the fact that they 
used an indeterminate cultivar rather than a determinate 
cultivar as was used in this experiment. There are two 
major explanations for the failure of the treatments to 
affect branch development:
1. If the vegetative development of the branches is 
linked to the reproductive development of the main axis, 
then the treatments simply failed to unlink the processes.
3. If the treatments did remove the source of the 
plant growth regulators which may retard branch development 
or invoke flowering, then the results would indicate that 
the two process are not necessarily linked. The branches
6o
Table 26. Branch, main axis and total plant yield at two planting 
dates for two years. Flower Removal Study. Burden Plantation, Baton 
Rouge. 1984 and 1985.
Year
Planting
Yield
Branch
Yield
Main Axis 
Yield
Plant
Yield
g g g kg/ha
1984 28 May 329.6 70.2 399.8 5923.0
10 July 112.1 79.2 191.3 2834.3
1985 20 May 237.1 64.1 301.2 4461.9
15 July 142.8 98.2 241.0 3570.9
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May develop quasi-independently* responding independently 
to the prevailing photoperiod.
CONCLUSIONS
A primary cause of low soybean yields at nonoptimal 
planting dates is the reduction in branch yields evidently 
brought about by reduced branch development. Understanding 
the role of photoperiod and planting date in branch devel­
opment may help us to overcome their deleterious effects 
and to utilize the growing season more efficiently. In 
describing the growth of soybean branches) either linear o 
quadradic equations can be used to fit the models. Each 
branch develops differentially from the others. Total 
branch trifo1io1ates (nodes) develop in a linear fashion 
from approximately 3£ days after planting. The overall 
growth rate of the branches is reduced under low moisture 
conditions such as those found in 1985. The equations coul 
be used as predictive tools. Actual branch development in 
the field could be compared to the predicted branch devel­
opment to determine if branches were growing at an adequat 
rate for optimal yields.
Information collected on branch flowering showed that 
vegetative and reproductive development often occur simul­
taneously on the same branch. Branch development also 
occurred on the main axis nodes which had flowers and 
sometimes pods. In this way* branch development of 
determinate soybeans is similar to development of the main 
axis in indeterminate soybeans. Flowering of the branches
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commenced at different times depending on the location of 
the branch on the plant.
The distribution of branch development on the main 
axis is also related to planting date and phatoperiod. A 
May photoperiod is conducive to branch development on the 
lower main axis nodes. This is independent of main axis 
development. At the same time* branch development at the 
top of the plant depends on main axis development. Late 
planting dates generally curtail main axis development due 
to premature flowering. The uppermost and lowermost 
branches together accounted for over AO*/, of the total 
branch pods from the May plantings and only about 10’/. of 
the total branch pods from the July plantings. In order to 
increase yields at late nonoptimal plantings> branch 
development at the top and bottom of the plant will need to 
increase. The differences in the distribution of branch 
development between the two planting dates become apparent 
by AS days after planting.
Both the pre—f 1owering and post—flowering photoperiods 
affect branch development. A major cause of low branch 
development under nonoptimal photoperiod simulations appear 
to be due to the lack of any branch development at the 
lowermost nodes of the plant. This occurred even though 
the plants under the nonoptimal photoperiod simulation were 
taller than those under the optimal photoperiod simulation. 
The combination of an optimal pre-flowering simulation and 
an optimal post-flowering simulation is necessary for
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maximum branch development. Branch development is positive­
ly correlatd with a long period between R1 and R5. An 
excessive pre-flowering (vegetative! time period does not 
necessarily increase branch development. More speci-fic 
effects could be determined if the post-flowering photo­
period simulations could be applied closer to the time of 
floral induction since treatments applied at R1 take time 
to be expressed.
A method for encouraging branch development was em­
ployed without success. Prior research indicated that the 
removal of flowers from the soybean plant could encourage 
branch growth. Success of the method was based on the 
premise that main axis development determines branch devel­
opment. This premise is yet unproven. Although floral 
induction of the main axis appears to be necessary to 
initiate branch development, it is unclear whether the main 
axis continues to exert influence over the branches. The 
use of plant growth regulators may provide a means for 
overcoming the effects of photoperiods at nonoptimal 
planting dates. The techniques for applying the correct 
amounts of the plant growth regulators at the correct time 
will need to be determined.
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Table 1. Description of vegetative and reproductive stages of 
soybeans. From Fehr, W.R. and C.E. Caviness. 1980. Stages of soybean
development. Iowa State Cooperative Extension Service. Spec. Bull. 80.
Stage
No.
Abbreviated 
Stage Title
Description
VE Emergence Cotelydons above the soil surface.
VC Cotelydon Unifoliolate leaves unrolled sufficiently so the 
leaf edges are‘not touching.
VI First node Fully developed leaves at unifoliolate nodes.
V2 Second node Fully developed trifoliolate leaf at node above 
the unifoliolate nodes.
V(n) nth node n number of nodes on the main 6tern with fully 
developed leaves beginning with the unifoliolate 
nodes.
Rl First bloom One flower at any node on the main stem.
R2 Full bloom Open flower at one of the two uppermost nodes on 
the main stem with fully developed leaf.
R3 First pod Pod 5 mm long at one of the four uppermost nodes 
on the main stem with a fully developed leaf.
R4 Full pod Pod 2 cm long at one of the four uppermost nodes 
on the main stem with a fully developed leaf.
R5 First seed Seed 3 mm long in a pod at one of the four upper­
most nodes on the main stem with a fully develop­
ed leaf.
R6 Full seed Pod containing a green seed that fills the pod 
cavity at one of the four uppermost nodes on the 
main stem with a fully developed leaf.
R7 Beginning
maturity
One normal pod on the main stem that has reached 
its mature pod color.
R8 Full
maturity
Ninety-five percent of the pods that have reached 
their mature pod color. Five to ten days of dry­
ing weather are required after R8 before the 
soybeans have less than 15% moisture.
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